the Beta species was underlined in several articles and leaf beet germplasm exhibited a relatively broad range of cytoplasmic genotypes while mitochondrial haplotype diversity was low in garden beet germplasm (Cheng et al., 2011) . Desplanque et al. (1999) evaluated about 300 individuals composed of cultivated beets, table beet, weed beet, and wild coastal beet collected from several regions of France and a high degree of polymorphism was reported within all groups except for cultivated beets and indicated wild B. vulgaris species observed significant diversity. Furthermore, the population was grouped based on habitats and geographical characteristics.
Among the wild and cultivated Beta species, Swiss chard is a relatively valuable crop because the genetic structure contains genes valuable for crop improvement including disease and pest resistance (Goldman and Navazio, 2003) . Moreover, Swiss chard served as a bridge species to introduce the desired traits in sugar beet by yielding viable hybrids from crosses with both B. procumbens and B. webbiana (Gaskill, 1954; Goldman and Navazio, 2003) .
Swiss chard has considerable variability; however, after long-term cultivation, there are no concrete reports on the distribution of the genetic diversity or its relationship with agromorphological diversity. Turkey is the center of the origin and natural distribution area of the Swiss chard; however, there is a lack of information regarding the genetic diversity and relationships among the collections. The main objective of the present study was to preliminarily estimate the extent of genetic diversity of the Turkish Swiss chard genetic resources using agromorphological markers to assess the genetic relationships among the populations and to evaluate the morphological and agronomic characteristics of the collections.
Materials and methods

Plant material and experimental site
The material for this study consisted of 52 Swiss chard (Beta vulgaris L. subsp. vulgaris) accessions representing all the Swiss chard accessions collected from Turkey by the National Gene Bank of the Aegean Agricultural Research Institute (AARI), İzmir, Turkey, where the plant materials have been stored, along with two reference cultivars ( Table  1 ). All accessions were grown and analyzed over two consecutive vegetation periods (2007 and 2008) in the experiment field at Ege University, Agriculture Faculty, Department of Horticulture, İzmir, Turkey, located at 38°28′N, 27°15′E, and at an altitude of 25 m above sea level. The climatic conditions of the experimental site are shown in Figure 1. 
Experimental set-up
The seeds were sown in plots in the first week of October to raise 20 plants per 4.5 m 2 in both years. The field layout followed a completely randomized block design with three replications for each accession. Traditional cultivation practices were implemented, and fertilizers were not used during the cultivation. Weeds were manually controlled, and furrow irrigation performed on a weekly basis until the beginning of the rainy season. Plant samples were harvested when the leaves reached full maturity or were ready to eat. 2.3. Agromorphological characterization and data collection Agromorphological traits were evaluated on 15 plant samples using the International Board for Plant Genetic Resources descriptors (IBPGR 1991) for Beta, with minor adaptations for some agronomic traits. The quantitative agromorphologic data measured were leaf weight (g): total weight of the harvested leaves divided by the number of leaves; plant height (cm): height of the main shoot from the ground level to the top during the flowering period; plant canopy (cm): average plant width measured during the flowering period; petiole length (cm): measured across the petiole; petiole width (mm): the petiole width across the widest portion of the petiole; petiole thickness (mm): the thickest point of the petiole; lamina length (cm): measured across the leaf; lamina width (cm): lamina width across the widest portion of the leaf; and leaf lamina color measured using a CR-300 colorimeter (Minolta, Osaka, Japan), and the data evaluated according to the Commission Internationale de I'Eclairage (CIE) system. The standard color determination by CIE is L*a*b, where L* is the light factor (lightness) and hue (°H): the values were calculated using the formula °H = tan − 1(b/a); chroma (C*): the values were calculated using the formula C* = √(a 2 + b 2 ). Other parameters analyzed included seed weight (g) calculated and expressed as 100 seeds and leaf dry matter (%) determined by oven-drying the leaf laminas and petioles at 65 °C until the weight loss between the measurements was <0.05 g and subsequently calculating the dry matter based on the difference between the fresh and dry weights.
The qualitative agromorphological observations of leaf pigmentation, petiole color, leaf curliness, leaf hairiness, cuticle thickness, annuality, plant growth habit in the flowering stage, tepal shape, keel formation, tepal attitude, bract distribution on the seed stalk, stem color, stem pigmentation, and the number of seeds per seed coat were scored and classified according to the descriptor (IBPGR, 1991) .
Statistical analysis
Quantitative and qualitative scales of the agromorphological traits were used to prepare a raw data set of both years. Principal component analysis (PCA) was performed for combined quantitative and qualitative agromorphological data, and the total variation was calculated as the sum of the extracted eigenvalues. Estimates for the Euclidean dissimilarity coefficients for the agromorphological data were used to assess the relationships between the genotypes, and hierarchical agglomerative clustering was subsequently performed on the principal component (PC) axes obtained using the unweighted pair-group method with arithmetic average (UPGMA) (Sneath and Sokal, 1973; Rabbani et al., 1998) . Principal coordinate analyses were performed based on a distance matrix and a three-dimensional (3D) scatter plot was then prepared with the first three principal coordinates to visualize the relationship explaining the quantitative and qualitative agromorphological traits. Descriptive value, frequency of traits, and frequency distribution for total accessions were determined. The mean, maximum, and minimum values and standard deviations of 14 agromorphological quantitative traits were calculated. All data analyses were performed using the software Statistica.
Results
The accessions characterized displayed great diversity for agromorphological traits. Both qualitative and quantitative characters evaluated in the experiment showed a large degree of variation. Table 2 . PCA explained over 77% of total variation for 27 quantitative and qualitative agromorphological characters. The first PC (22.66% of the total variation) was chiefly related to leaf size parameters, of which leaf weight, petiole width, petiole thickness, lamina length, petiole length, and lamina width are the most discriminate characters among the plant traits examined. The second PC explained 12.84% of the total variation and petiole color, plant grown habit at flowering stage, leaf pigmentation, chroma, hue, and lightness showed the highest eigenvalues. The third PC (9.65% of the total variation) mainly comprised plant height, plant canopy, and chroma. The fourth PC (7.91% of the total variation) emphasized the cuticle thickness, plant canopy, and petiole color. The highest eigenvalues in the fifth PC, which explained 7.40% of the total variation, mainly related 100 seed weight, leaf pigmentation, stem pigmentation, and leaf hairiness. The sixth PC (6.0% of the total variation) mainly comprised leaf curliness, stem pigmentation, and leaf dry matter. The remaining two axes, PC 7 and PC 8, were related to stem pigmentation and leaf dry matter, and explained 5.86% and 4.95% of the total variation, respectively.
Agromorphological characters
Cluster analysis
The multivariate cluster analysis performed for all the agromorphological plant traits categorized the Swiss chard accessions examined into four independent clusters (Figure 2 ). The first cluster comprised 15 accessions and were characterized by the highest plant height (146.5 cm), plant canopy (114.7 cm), lamina width (14.8 cm), and chroma (124.2), and the lowest leaf dry matter (10.8%). The second cluster included 11 accessions and were characterized by lower leaf weight (19.5 g), lamina length (18.9 cm), petiole thickness (0.77 cm), petiole width (1.13 cm), and chroma (122.6). The third cluster was made up of 14 accessions and represented the highest leaf weight (25.7 g) and petiole length (13.2 cm) and showed the lower values in lightness (39.7), hue (21.5), and 100 seed weight (1.5 g). The fourth cluster consisted of 14 accessions characterized by higher lamina length (20.6 cm), petiole thickness (0.98 cm), petiole width (1.34 cm), lightness (43.4), hue (25), 100 seed weight (2.1 g), and leaf dry matter (12.4%), while registering lower values for plant height (92.3 cm), plant canopy (75.9 cm), petiole length (7.7 cm), and lamina width (12.3 cm). In order to visualize the relationships of the quantitative morphological traits examined, principal coordinate analyses (PCoA) were applied and the first three PCoA are given as 3D screen plots (Figure 3 ).
Discussion
Among the Beta sections, Swiss chard is grown as a minor crop compared with the other species within this genus. However, the significance of this plant has increased because of its genetic structure (i.e. resistance to drought conditions, tolerance of moderate salinity), and Swiss chard is gaining in importance as a horticultural crop for a Beta species breeding program in the future. Leaf beet and garden beet have desirable resistance against the biotic and abiotic stress agents that can be considered for sugar beet crop enhancement programs (Santamaria, 1999; Baranski et al., 2001; Pyo et al., 2004) . Swiss chard also contains several health-promoting compounds and is extremely rich in mineral composition . The plant is used for medicinal purposes (Bolkent et al., 2000; Ninfali et al., 2007) , and also contains betalains (Kugler et al., 2004) , polysaccharides (Potter and Long, 1965) , ascorbic acid (Schudel et al., 1979) , and flavonoids (Dijioux et al., 1995) , and colored petioles utilized in food coloring due to their large quantities of betalains. Breeding programs can considerably increase the betalain content of the Swiss chard (Kugler et al., 2004) . However, Cheng et al. (2011) emphasized that leaf beet has never been bred intensively, thereby resulting in the assumption that plenty of variation is still possible in the leaf beet cultivars/landrace and detailed morphological and agronomic properties and genetic diversity are yet to be comprehensively investigated. This paper is the first attempt to identify the Turkish Swiss chard genetic resources with respect to the agromorphological quantitative and qualitative characters and to analyze the diversity of the collections examined. Quantitative characters are more useful in the assessment of varietal descriptors and variety identification, while the quantitative characters are mainly related to variety improvement programs (Panthee et al., 2006) . A large variability in the agromorphological traits was observed among the accessions between those of the different geographical locations. Leaf weight, petiole width, petiole thickness, lamina length, petiole length and lamina width are the most discriminating characters among the plant traits examined. Plant height (67.0-157.67 cm) and petiole width (0.64-2.22 cm) are consistent with those reported by Pokluda and Koben (2002), who stated that statistically significant differences in plant weight, plant height (42.5-57.9 cm), stalk width (1.36-3.55 cm), leaf number, and yield were found influenced according to the variety. The diversity exhibited among the accession based on morphologic traits was confirmed by Baranski et al. (2001) , who emphasized the significant differences observed among garden beets in terms of leaf weight, leaf pigmentation, yield, morphology, and the chemical composition of the roots. Furthermore, they stated that morphological traits enabled the accessions to be distinguished into different classes. Distinctive morphological characteristics were reported with respect to flower, leaf, and root properties of the Beta section (Ford Lloyd and Williams, 1975) .
Although some accessions were collected from considerably close geographical locations, the multivariate analyses of the 54 Swiss chard accessions revealed a high variability for quantitative agronomic plant traits, particularly in the foliage properties. PCA distinguished 21 agromorphological traits into 8 components and explained 77.26% of the total variations. The cluster and PC analyses results revealed that the Swiss chard populations examined had different agromorphological plant properties and, therefore, the accessions were grouped under four clusters. Even if several accessions were collected from the same vicinity, the clusters did not correlate well with the geographical origin. Similar results in terms of correlating the genetic variations with the leaf traits among the leaf beet germplasm were reported by Frese (1991) , who evaluated the germplasm from several countries and clustered the accessions under five groups based on leaf color, leaf curliness, leaf length, plant height, and petiole length.
The genetic variability among the Swiss chard genotypes was reported not only for the agromorphological traits, but also emphasized for the mineral concentration and nutritive value; and the variability observed for the nutrient composition among the cultivars, and nonhybrid and wild forms of Swiss chard and the varietal differences were reported for vitamin C concentration and the phenolic compounds in the white and red stem chard cultivars (Rozycki et al., 1997; Gil et al., 1998; Pyo et al., 2004) . In fact, our earlier studies indicated that the present Swiss chard accessions revealed a high degree of variation for the primary and secondary nutrient compositions, and using the hierarchical agglomerative clustering method they were grouped by accession into five major clusters for the concentration of the 12 nutritive elements and it is this great variability that can be responsible for the genetically diverse populations . Furthermore, to evaluate the genetic structure of the present populations and documented comprehensive explanation on the variability of accessions, analysis of variance was calculated for the agronomic traits. The results revealed significant variations among all the accessions studied, in all the plant traits, at P > 0.01 . Phenotypic coefficients of variation were higher for all the plant traits than the corresponding genotypic coefficients of variability; in addition, the lamina length, lamina width, petiole thickness, petiole width, lightness, chroma, and leaf dry matter showed high heritability with high genetic advancement in a percent mean, which provides valuable data for evaluating the agronomic traits and accessions for phenotypic selection . Identification diversity of the Swiss chard gene pools may contribute to valuable scientific knowledge in terms of new breeding programs for the improvement of targeted agronomic or health benefit compounds and leaf beet can be considered a potentially valuable source of the desirable characters absent in the sugar beet breeding programs (Baranski et al., 2001) .
The results contributed to a better understanding of the genetic relationships existent among the Turkish Swiss chard genetic resources. Besides the research findings, there are increased expectations of high diversity among the species and/or subgroups of the Beta section in Turkey that are located in the center of the origin and domestication area of the genus Beta (Tan et al., 1999; Frese et al., 2001; Biancardi et al., 2012) and that are rich in wild and cultivated forms. Swiss chard has been grown as a home garden plant along with the other Beta species and while limited cultivars are available in the markets, cultivations by farmers are mostly based on landraces by exchange of genetic material, the local varieties being empirically selected by growers who failed to apply any isolation protocols for seed production over time and those well adapted to the environmental conditions. The large diversity may be explained by gene flow and introgression observed in the cultivated beets, i.e. sugar beet, garden beet, and leaf beet, which are cross-compatible with the wild taxon, i.e. sea beet (Bartsch et al., 1999) . In addition, Barocka (1985) concluded that B. vulgaris is generally selfincompatible, wind-pollinated, and highly out-crossed, resulting in increased genetic diversity.
Plant genetic resources are the primary sources for plant breeding; therefore, agromorphological and molecular characterizations are the first step in the identification and evaluation of the existing germplasm. In-depth analyses of plant properties increase the effectiveness of genetic conservation and plant breeding programs. Identification of the accessions within the Turkish Swiss chard germplasm with regard to useful agronomic and morphological traits is of particular importance for future research and breeding programs on this species. Geographical differentiation of the distribution area accompanied by the ecological conditions (such as latitude, altitude, temperature, and moisture) has resulted in ecotypical differentiation that has further affected the development of the wild Beta relatives. Resistance to biotic and abiotic stress conditions could partly contribute to the wide diversity (Rao and Hodgkin, 2002) . The introduction of new germplasm containing potentially useful characteristics increases the genetic base. Genetic variability in the Swiss chard accessions is relatively high in Turkey, and reliable data on such variability are essential for future studies aimed at the conservation, improvement, and management of Swiss chard. Evaluation of the germplasm based on the agromorphological traits, mineral concentrations , and genetic variability combined with the character associations accompanied by heritability , and the current paper demonstrate the importance of the Turkish Swiss chard genetic collection in the context of biodiversity, which includes the germplasm containing rich and valuable plant material. This study presents valuable information on the national genetic resources, e.g., accessions with high plant growth rate, higher leaf weight, or number of leaves per plant, with the potential for yield enhancement. Some late flowering (data not shown) accessions can be considered to delay the production in late spring or early summer, implying that the germplasm could be used to further improve the cultivars possessing desirable characters.
